Emmetropisation in human infancy: Rate of change is related to initial refractive error  by Saunders, Kathryn J. et al.
Pergamon 
0042-6989(94)00222-3 
Vision Res. Vol. 35, No. 9, pp. 1325-1328, 1995 
Copyright ~ 1995 Elsevier Science Ltd 
Printed in Great Britain. All rights reserved 
0042-6989/95 $9.50+0.00 
Emmetropisation in Human Infancy: Rate of 
Change is Related to Initial Refractive Error 
KATHRYN J. SAUNDERS,* J. MARGARET WOODHOUSE,t CAROL A. WESTALL$ 
Received 23 December 1993, in revised form 20 June 1994 
Animal studies show that the rate of recovery from experimentally induced refractive errors is related 
to the level of ametropia induced. The present study examined the rate of emmetropisation occurring 
in a sample of 22 human infants refracted by near retinoscopy during the first six months of life and 
then again between 12 and 17 months old. None of the subjects were myopic. Regression analysis revealed 
that emmetropisation occurred more rapidly in the presence of high refractive errors (P < 0.005 and 
P=0.001 for hyperopia and astigmatism respectively). These data confirm the findings of the animal 
studies and suggest that non-reducing hyperopia and astigmatism in the second year of life may require 
correction. 
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INTRODUCTION 
When refractive rror data from an adult population, 
elderly population, and school age children are compared 
to data from infants and young children it can be seen that 
refractive rror is not static through life. The distribution 
of adult refractive rror is narrower than would be 
predicted from a normal distribution, showing amarked 
peak about emmetropia nd a standard eviation of 
approximately 1.00 dioptre. In contrast, the refractive 
error distribution of infants is normally distributed with 
a mean of about + 2.00 dioptres and a standard eviation 
of +2.75 dioptres (Hirsch & Weymouth, 1991; Banks, 
1980; Sorsby, Benjamin, Sheridan & Leary, 1961). The 
process by which this change in distribution occurs is 
generally referred to as "emmetropisation". Troilo (1992) 
gives an excellent review of the literature concerning 
neonatal eye growth and emmetropisation. It seems likely 
that active and passive factors combine, initially to guide 
refractive error towards emmetropia, and then to 
maintain refraction at an approximately emmetropic 
level. "Passive" emmetropisation occurs with normal eye 
growth. As eye size increases, the power of the optical 
components decrease proportionally, effectively reducing 
the refractive rror. The term "active mmetropisation" 
describes the role of visual feedback in controlling the 
growth of the eye. Disruption of normal visual experience 
has been shown in animal and some human studies to 
affect the emmetropisation process, although the 
mechanism by which visual feedback contributes to 
emmetropisation is not clear (e.g. Wiesel & Raviola, 
1977; Gee & Tabbara, 1988; Smith, Harwerth, Crawford 
&von Noorden, 1987; Wallman, Turkel & Trachtman, 
1978; Hodos & Kuenzel, 1984; Hoyt, Stone, Fromer & 
Billson, 1981; Troilo & Wallman, 1991). Animal studies 
have also demonstrated that visual experience is most 
effective in altering refractive state during the early stages 
of life, and that recovery from experimentally induced 
myopia and hyperopia ismost rapid in younger animals 
(Wallman, Adams & Trachtman, 1981; Troilo & 
WaUman, 1991). The speed at which recovery from 
experimental myopia is achieved is also related to the 
degree of myopia initially induced (Wallman & Adams, 
1987). Therefore, the most myopic animals how a more 
rapid decrease in myopia after cessation of occlusion 
than those whose induced myopia was not as severe. 
Troilo and Wallman (1991) demonstrated that the 
recovery from experimentally induced refractive rrors 
was guided by the refractive state, rather than the eye size 
and that the process appeared to be contained at least 
partially in the eye itself since compensation occurred 
after optic nerve sectioning. Although accommodation is 
an attractive mechanism by which to explain emmetropi- 
sation, it appears that while it may have some role in 
regulating eye growth it is not a prerequisite for 
emmetropisation. Neither surgical (Schaeffel, Troilo, 
. . . . . . .  Wallman & Howland, 1990) nor pharmaceutical blocking 
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first few years of life (e.g. Wood & Hodi, 1992; Atkinson 
& Braddick, 1988; Edwards, 1991; Abrahamsson, Fabian 
and Sjorstrand, 1988; Mohindra, Held, Gwiazda & 
Brill, 1978; Atkinson, Braddick & French, 1980). These 
changes are most marked in infants with against-the-rule 
astigmatism and in highly hyperopic infants (Atkinson, 
1993). The present study examined refractive changes in 
individual infants tested longitudinally over the first 18 
months of life. These data were used to investigate 
whether the rate at which emmetropisation ccurs in 
human infants is related to initial levels of ametropia, s 
suggested by animal studies. 
SUBJECTS 
Subjects refracted for the present study were involved 
in a larger, longitudinal study of visual function during 
which visual acuity, stereopsis, accommodative function 
and refractive rror were assessed at six monthly intervals 
from the first to the third year of life. Data from those 
subjects for whom a measure of refractive rror was 
obtained both during the first 6 months of life and then 
again at between 12 and 17 months of age were included 
in the present study. The reason for using subjects with 
two such data points was that cross-sectional data 
collected by the author suggested that the greatest change 
in ametropia was likely to occur between these two ages 
(Saunders, 1993). It was expected that by calculating the 
rate of change in ametropia between an initial refraction 
during the first 6 months and a subsequent refraction 
between 12 and 17 months of age, the period of most 
change would be described. Twenty-two subjects were 
tested at these two ages; all were healthy, full-term infants, 
none were amblyopic or strabismic. None of the subjects 
were myopic. Initial levels of hyperopia in the first 6 
months of life ranged from + 1.25 D to +4.25 D (median 
2.25 D), and initial levels of astigmatism ranged from 
0.00 D to 4.00 D (median 1.125 D). 
METHODS 
Refractive rror was assessed by the author using the 
near retinoscopy technique described by Mohindra 
(1975), and modified by Saunders and Westall (1992). 
Retinoscopy was performed by the author without 
cycloplegia in a totally dark room at 50 cm with the eye 
not under test occluded. Neutralisation was achieved 
using a combination of spherical and cylindrical trial 
lenses which were either held in front of the child's eye 
or placed in a trial frame, depending on the child's age 
and co-operation. The refractive rror was obtained 
by subtracting a correction factor of 0.75 D from the 
power of the spherical neutralising lens in order to 
compensate for both the 2.00D working distance 
and an assumed 1.25 D of residual accommodation. 
Mohindra's original technique proposed a correction 
factor of 1.25 D but for infants less than 2 years old a 
more appropriate value is 0.75 D (Saunders & Westall, 
1992). 
_a 
¢q 
0 i i ~ ll2 n lj8 '"  
0 3 6 9 15 
age (months)  
F IGURE 1. Individual data from 7 subjects illustrating the change in 
ametropia between an initial refraction at 0-5 months of age, and a 
subsequent refraction during 12-17 months of age. These 7 subjects were 
chosen in order to represent a range of initial ametropias. Solid lines join 
data from the same subject. 
RESULTS 
The refractive data for each subject were examined in 
terms of both spherical hyperopia nd astigmatism. None 
of the subjects were myopic, therefore, the level of 
hyperopia was described as the power of the most 
ametropic meridian. Data from one eye only of each of 
the 22 subjects were analysed. The most ametropic eye at 
the initial refraction was chosen to represent each subject. 
Figure 1 illustrates the data of 7 subjects which are 
representative of the data from the whole group. These 7 
subjects have been chosen because their initial levels of 
hyperopia represent a spread of refractive rrors. The 
astigmatic data from the same 7 subjects are shown in 
Fig. 2. 
These figures suggest that the rate at which 
emmetropisation s occurring is related to the initial level 
of hyperopia or astigmatism present i.e. the gradient 
of the slopes joining each subject's two data points 
are not constant but appear to be steeper when initial 
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F IGURE 2. Individual data from the same 7 subjects hown in Fig. 1 
illustrating the change in astigmatic error between an initial refraction 
at 0-5 months of age, and a subsequent refraction during 12-17 months 
of age. Solid lines join data from the same subject. 
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hyperopia/astigmatism  highest. In order to examine 
this more thoroughly, an equation relating the two data 
points was calculated for each of the 22 subjects, the 
gradient of which described the rate of change in 
ametropia over the period of study for each individual. 
Figure 3 illustrates the relationship between the initial 
level of hyperopia and the rate at which individual 
subject's hyperopia changed over the test period. 
A regression analysis relating these two factors was 
calculated and is given below: 
rate of change (D/month) 
= 0.135 - 0.0794[initial hyperopia(D)]. 
Analysis of this equation revealed that the rate 
of change was significantly related to the initial level of 
hyperopia (P<0.005). On average, for each dioptre 
of hyperopia present during the first 6 months of life 
the level of ametropia present decreased by 0.06 D per 
month between the initial refraction and 12-17 months 
of age. 
A similar picture emerged when examining the 
astigmatic error (Fig. 4) where the equation relating rate 
of change to initial level of astigmatism was as follows: 
rate of change (D/month) 
= -0.014-0.0524[initial stigmatic error(D)]. 
As with hyperopia, regression analysis revealed a 
significant relationship between the rate of change in 
astigmatism and the initial astigmatic error during the 
first 6 months of life (P = 0.001), and on average, for each 
dioptre of astigmatism present during the first 6 months 
of life the astigmatic error decreased by 0.06 D per month 
between the initial refraction and 12-17 months of age. 
Therefore, subjects demonstrating higher levels of both 
hyperopia nd astigmatism during the first 6 months of 
life showed a more rapid decrease in refractive rror than 
those with initially lower levels of hyperopia and 
astigmatism. 
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FIGURE 3. The relationship between the initial evel of ametropia 
recorded between 0-5 months of age and the rate at which ametropia 
changed between the first and second refractions. 
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FIGURE 4. The relationship between the initial evel of astigmatism 
recorded atthe initial refraction during the first 6 months of life and the 
rate at which the astigmatic error changed between the first and second 
refractions. 
The present study examined changes in the spherical 
component of refractive status in terms of the power of the 
most ametropic meridian. Use of the mean (equivalent) 
spherical power also demonstrated a significant relation- 
ship between the initial power of the mean sphere and the 
rate at which it changed over time (P= 0.0034). 
DISCUSSION 
Animal studies have demonstrated that visual 
experience has an important role in determining refractive 
development and that visual deprivation predictably 
produces large refractive rrors in animal subjects. The 
rate of recovery from such experimentally induced 
refractive rrors has been shown to be related to the age 
at which deprivation is instituted, the duration of 
deprivation, the age at which deprivation is reversed and 
also the degree of refractive rror induced during the 
deprived period (Wallman & Adams, 1987; Troilo & 
Wallman, 1991). The results of the present study suggest 
that in the human visual system the rate of "recovery" 
from relatively high hyperopic and astigmatic refractive 
errors present during infancy is also related to the initial 
level ofametropia, occurring most rapidly when the initial 
refractive rror is highest. 
The addition of biometric data to those of the present 
study would be valuable to enable a more thorough 
understanding of the relative contribution of axial and 
corneal factors to the reported changes in refractive 
status. Unfortunately, these data are not available. 
However, the findings of the present study are useful, not 
only for confirming that the animal model is an 
appropriate one to relate to human refractive develop- 
ment, but for clinicians requiring guidelines for 
prescribing in infancy. The data presented show that, 
infants with normal visual development often demon- 
strate high levels of hyperopia nd astigmatism which 
decrease rapidly during the first year of life. If significant 
levels of ametropia re maintained beyond the first year 
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they may signify a failure of the normal emmetropisation 
process and warrant spectacle correction to prevent 
amblyopia and reduce the risk of strabismus (Atkinson, 
1993; Ingram, Arnold, Dally & Lucas, 1991; Aurell & 
NorrseU, 1990; Atkinson & Braddick, 1988; Atkinson, 
Braddick, Wattam-Bell, Durden, Bobier & Pointer, 1987; 
Atkinson & Braddick, 1983). Prior to the second year of 
life it is unlikely that high refractive errors will result in 
persistent amblyopia (Gwiazda, Mohindra, Brill & Held, 
1985). 
Although a linear model has been chosen in the present 
study to describe refractive changes occurring during the 
first 18 months of life, it is clear from cross-sectional 
and longitudinal refractive data in the literature that 
refractive development does not continue in a linear 
fashion (Wood & Hodi, 1992; Atkinson & Braddick, 
1988; Abrahamsson et al., 1988). The linear model 
utilised in the present study was employed only to 
examine emmetropisation over the period of most rapid 
change. A more appropriate model to fit to data including 
older infants would be exponential, describing the 
slowing in emmetropisation with an increase in age, and 
the tendency for refractive errors to be maintained close 
to emmetropia into adulthood. 
It is not clear why, in some individuals, emmetropisa- 
tion does not occur, or is inhibited, resulting in large 
refractive errors. Evidence from studies with animal eyes 
suggests that the emmetropisation process is controlled 
locally, within the eye, by a mechanism based on 
refractive status, rather than eye size. It still occurs, albeit 
less accurately, when the optic nerve is severed, and 
continues when accommodation is blocked, either 
pharmaceutically or surgically (Wallman & Adams, 
1987). It is interesting that handicapped populations have 
a greater incidence of high refractive errors beyond 
infancy than the general population, apparently resulting 
from a faulty emmetropisation process (van der Pol, 1986; 
Hill, McKendrick, Poole, Pugh, Rosenbloom & Turnock, 
1986). 
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